Poly-N-vinylpyrrolidone-based amphiphilic polymers, which can be used as drug carriers, were prepared by radical polymerization with a thiol-type chain transfer agent. The polymers did not contain sequences of hydrophilic and hydrophobic fragments in the main chain. Molecules contained only one hydrophilic and one hydrophobic fragment linked by a covalent bond. This facilitated the selforganization of macromolecules into micelles in aqueous media. The critical micelle concentration and its dependence on the molecular weight of the diblock copolymers and the length of the hydrophobic radical were determined.
Introduction
The synthesis of nanoscale carriers of physiologically active compounds (PAC), which would enable the targeted transport of drugs to the affected organ, remains an urgent problem (Torchilin, 2001; Dhembre et al., 2011; Lu, Park, 2013) . Of particular interest are nanoscale carriers capable, like viruses, of penetrating into living cells. The results of developments in pharmacology in recent decades have shown the low effectiveness of classical drugs in the treatment of diseases associated with genetically determined disorders, including oncological diseases. Gene therapy is a new, rapidly developing branch of medicine that uses methods of genetic engineering for treatment.
It requires nanoscale polymeric carriers capable of delivering a wide variety of substances into the nuclei of living cells. Uptake by the cells usually occurs by phagocytosis, which severely limits the capabilities of such transport systems (Luss et al., 2018) . These nanoscale carriers are not suitable for the vast majority of body cells, which absorb particles extremely slowly.
When administered intravenously, most of the dose is deposited in rapidly phagocytizing cells of the liver, where it is degraded and, thus, inactivated. In addition, phagocytosis by cells inevitably leads to the release of PAC into lysosomes, followed by enzymatic destruction, which is accompanied by partial or complete loss of activity even of the portion of the dose that has passed through the liver. Therefore, of considerable interest is the possibility of the absorption of particulate carriers containing pharmaceutically active substances by cells without the use of endocytosis, which could ensure the delivery of chemically unstable PAC both directly into the cytosol and into the cell nuclei (Kabanov et al., 2002; Kuskov et al., 2010) . Currently, liquid polymeric liposomes remain the only type of carrier capable of "circumventing" the mechanism of phagocytosis. However, due to the exchange of contents between the micelles and the surrounding liquid, they are not applicable in clinical practice (Torchilin, 2005; Alavi et al., 2017; Akbarzadeh et al., 2013) . Creating new types of polymeric nanoscale drug carriers and identifying their patterns of penetration into living cells remains a very urgent task.
The purpose of the present study was to develop methods for the synthesis of polymeric nanoscale drug carriers with an external wall formed from surface-active amphiphilic polymers, which can penetrate into cells, bypassing the mechanism of phagocytosis. The contents of the bottom residue were dried lyophilically and then in a vacuum gun. The resulting polymers were white powders that were soluble in water.
Materials and Methods

Determination of the number average molecular weight
The number average molecular weight (M n ) was determined by end-group analysis as described in (Kulikov et al., 2017) . The number average molecular weight was also determined by vapor osmometry.
This method is used to determine the number average molecular weight of the polymer in After adding DPHT, samples were placed in a dry thermostat for 30 minutes. Fluorescence intensity measurements were carried out using a Hitachi
650-10S spectrofluorometer (Hitachi Instruments
Inc., Japan) with an excitation wavelength λex = 366 nm and an emission wavelength λem = 433 nm. The method is based on DPHT beginning to emit light after incorporation into the micelles.
Results and discussion
DPHT was chosen as a model substance because of its hydrophobicity and very low solubility in water and because it can only fluoresce in the associated state. Due to these properties, DPHT is easily incorporated into the hydrophobic core and in this state has high-intensity fluorescence. The data for determining the CMC of polymers with different hydrophobic moieties and different number average molecular weights are presented in Table 1 .
The CMC of the end-capped polymers depends both on the length of the introduced Therefore, the presence of an end-capped thiooctadecyl radical in PVP with a mean molecular weight of M n = 3.5 kDa results in the production of a surface-active copolymer with a CMC = 0.054 mmol/l, while the analogous product with a thiodecyl terminal substituent has a CMC 20 times higher (1 mmol/l), and use of a thiohexyl terminal substituent gives a CMC 4 times higher (0.2 mmol/l) (Fig. 4) .
In all studied samples, regardless of the length of the thioaliphatic terminal radical, the CMC increases with an increase in the number average molecular weight of the polyvinylpyrrolidone fragment, but the dependence is complex (Fig. 5 ). Up to M n = 6 kDa, the critical micelle concentration is linearly related to the molecular weight. A further increase in M n leads to a more dramatic increase in CMC, and a bend is observed on the graph. A further increase in molecular weight, This dependence is described for polysaccharides containing hydrophobic substituents in the side chain (Dyatlov et al., 2014; Dyatlov et al., 2015) . The phenomenon is explained by a change in the nature of the intermolecular interactions with an increase in the molecular weight of the hydrophilic part of the polymer above the kinetic segment length and the shielding of hydrophobic groups. Hence, the formation of micelles does not occur.
Conclusion
Radical polymerization of N-vinylpyrrolidone using long-chain mercaptans as chain transfer agents produced end-capped amphiphilic copolymers of controlled molecular weight, which exhibited surface-active properties and were suitable for producing nanoscale drug carriers.
The chemical structure, molecular weight characteristics, and surface-active properties of the synthesized block copolymers were studied.
The surface-active properties of the polymers were determined by the molecular weight and length of the aliphatic radical.
